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EXPLOITATION OF COPPER BLEED STREAM FOR THE
EXTRACTION AND RECOVERY OF COPPER AND
NICKEL BY BIS(2,4,4-TRIMETHYLPENTYL)PHOSPHINIC
ACID
Archana Agrawal, S. Kumari, M. Parveen, and K. K. Sahu
Metal Extraction and Processing Division, National Metallurgical
Laboratory, Jamshedpur, India
Bleed streams from copper electrolysis/electrowinning processes potentially contain high
amounts of acid, copper, and nickel which need an effective treatment before disposal. A
systematic study was carried out to optimize the parameters for the extraction and recovery
of metal values using bis(2,4,4-trimethylpentyl)phosphinic acid (Cyanex 272) diluted with
kerosene. Since pH has a major role to play in the separation of Cu from Ni, a 60% sapo-
nified solvent was used for extraction studies. With an increase in equilibrium pH from 3.32
to 5.48 and extractant concentration from 5 to 20%, there is an increase in the percentage
extraction of metal ions. With a solvent concentration of 20%, the separation factor for Cu
with respect to Ni (aCuNi ) increases from 39.1 to 118.8 with the increase in pH from 3.3 to
5.5. Loading capacity of 20% Cyanex 272 was found to be 30.8 g/L Cu and 0.024 g/L Ni.
After scrubbing of coextracted Ni(II) with 15 g/L H2SO4, the loaded organic containing
30.59 g/L Cu(II) and 4 ppm Ni(II) was stripped with 75 g/L sulfuric acid. A
McCabe-Thiele plot shows the requirement of two counter-current stages at an O:A ratio
of 1:1 for extraction and two counter-current stages at O:A ratio of 2:1 for the stripping of
copper. Results of the present investigation indicate the possibility of the use of saponified
Cyanex 272 for the extraction, separation, and recovery of copper and nickel from the
actual spent copper bleed streams.
Keywords: bis(2,4,4-trimethylpentyl)phosphinic acid, copper(II), extraction, nickel(II), saponification,
solvent extraction
INTRODUCTION
Today, any waste generated (solid or liquid) in an industry is tried to be used as
a secondary source of the metals present in it. Copper bleed solution (CBS) is one of
the metal-rich waste streams generated from the copper smelter during the electro-
purification of impure copper anode to produce pure copper cathode. This solution
contains high concentrations of copper, nickel, sulfuric acid, and traces of several
other impurities such as Fe, As, etc. Classical methods such as precipitation,
oxidation, and crystallization are unsuitable for the separation of copper and nickel
from CBS in a simple and economical way. However, Cu and Ni separation is
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possible by solvent extraction. Commercial availability of copper-selective extrac-
tants has proposed a particular stimulus to the use of solvent extraction as a hydro-
metallurgical unit operation in processing of copper-containing leach liquor
(Merigold, Agers, and House 1971; Ritcey and Ashbrook 1979; Ritcey and Ash-
brook 1984a; Szymanowski 1993). These leach liquors arise through the hydrometal-
lurgical processing of raw materials such as lean grade ores, spent catalysts, scrap,
complex sulfides, etc. Presently, more than 30% of total world production of copper
is achieved through the solvent extraction route (Fisher and Notebaart 1983).
In the process of developing extractants for copper recovery, various reagents
with small variations in their structure and composition have been introduced into
the industry under trade names such as LIX 64N, LIX 84 (Henkel) SME 529 (Shell),
P17, P50, P5300 (Acorga), Kele 100 (Ashland). Among the various copper extrac-
tion reagents, LIX 64N was used on a commercial scale in a number of copper indus-
tries (Bart et al. 1990). Calligaro et al. (1983) studied the extraction of copper, nickel,
cobalt, zinc, and iron from a solution using LIX 64N in kerosene. They reported the
order of extractability as a function of pH as Cu(II) <Fe(III) <Ni(II) <Zn(II)
<Co(II). Ali, Daoud, and Ali (1996) established conditions for purification of
copper-containing waste solution (on a plant scale employing mixer settlers) using
LIX 84. In China (Jiayong 1993), LIX 84 is being used in four plants to produce cop-
per from oxide ores. One of the new chelating extractants for Cu extraction is MOC
45 (oxime derivative) developed by ALLCO Chemical (Allied Chemical Corporation
1996). Amores, Coedo, and Alguacil (1997) have studied the application of MOC for
copper extraction from sulfate solutions. The species extracted into the organic
phase were reported to be CuR2 and Cu (HR2)2. Rao, Devi, and Reddy (2000) have
studied the extraction and recovery of copper from a solution containing 0.1M each
of copper and sodium sulfate using MOC 45 as the extractant. Increase in equilib-
rium pH and extractant concentration increases the percentage extraction of metal
ion. The extracted species appear to CuR2.
Di(2-ethylhexyl)phosphoric acid (D2EHPA) and di(2-ethylhexyl)phosphonic
acid (PC 88A) are considered to be suitable liquid cation exchangers for separation
of Zn, Cu, Mn, Co, and Ni (Preston 1982; Preston 1983; Devi, Nathsarma, and Cha-
karvortty 1994; Thakur 1998; Thakur and Mishra 1998). Extraction of copper using
D2EHPA has been shown to occur by an interfacial reaction mechanism. It was
assumed that the extraction of metal ions took place mainly by reaction with extract-
ant molecules adsorbed at interface and not by reaction in bulk liquid, on account of
the high interfacial activity of D2EPHA and its low solubility in the aqueous sol-
ution. In addition, it was suggested that the overall extraction rate was mainly con-
trolled by diffusional resistance in the immediate vicinity of the interface (Ihm, Lee,
and Huilee 1988). Belkhouche, Didi, and Villemin (2005) studied the extraction of
Cu(II) and Ni(II) from acetate media with D2EPHA under the optimal condition.
Sarangi et al. (2007) studied the separation of iron(III), copper(II), and zinc(II) from
a mixed sulfate=chloride leach liquor using tributylphosphate, LIX 84I, and Cyanex
923 in kerosene, respectively.
After removing sulfuric acid from CBS by some suitable acid extractant and
further pH adjustment for the removal of iron present in the bleed stream, Cu(II)
and Ni(II) can be separated from this acid-depleted CBS using a suitable solvent.
In the present work, preneutralized Cyanex 272 was used as a solvent for Cu and





































Ni separation. Although this extractant has mostly been used for the extraction and
separation of cobalt from nickel, this work mainly focuses on a systematic study for
the extraction and separation of Cu from Ni present in the CBS using the sodium salt
of Cyanex 272. Various parameters, such as the effect of equilibrium pH, extractant
concentration, and separation factor on the extraction system, were studied in
addition to the use of McCabe-Thiele plots for extraction and stripping studies.
Extracted copper was stripped with an appropriate concentration of sulfuric acid sol-




CBS from a copper smelter was procured for the extraction studies. The chemi-
cal composition of the bleed stream was found to be 41.97 g=L Cu, 9.97 g=L Ni,
198 g=L H2SO4, and 0.300 g=L Fe. Arsenic was not present in this bleed solution.
Since the acid concentration of the bleed stream is not suitable for solvent extraction
of copper and nickel, it was first removed by solvent extraction using a tertiary amine
with the objective to remove and recover acid and then extract and separate copper
from nickel present in the acid-depleted solution. Thus, the solution used for extrac-
tion of copper and nickel contained 41.97 g=L Cu, 9.97 g=L Ni, 0.30 g=L Fe, and
40 g=L of H2SO4 acid. Since extraction of Cu and Ni is not possible in this acidity
range, the solution was neutralized with NaOH to bring up the pH to 3.5–4.0, aer-
ated for 24 h to precipitate iron as the hydroxide and filtered. The filtrate so obtained
was subjected to solvent extraction using Cyanex 272 procured from Cytec Indus-
tries, which was used without further purification. It is a colorless liquid with a mol-
ecular mass of 290 and boiling point of 300C and the specific gravity of the
extractant is 0.92 g=cc at 24C. Since copper and nickel extraction is pH sensitive,
the solvent was saponified to 60% by NaOH. Analytical grade H2SO4 was used
for scrubbing and stripping purposes.
Chemical Analysis
The aqueous phases were analyzed by an atomic absorption spectrophotometer
(Thermo Solaar S2) before and after extraction. A Toshniwal pH meter with
combined glass electrode was used to measure the pH of the aqueous solution at
equilibrium, after extraction.
Extraction Experiments
Equilibrium bench scale experiments were carried out at 30C in order to assess
favorable operating conditions for the extraction and separation of copper and
nickel present in the aqueous solution using Cyanex 272 as extractant. The solvent
phase consisted of Cyanex 272 procured from Cytec Industries dissolved in distilled
kerosene (160–200C fraction). In the extraction experiment 10mL of the aqueous
phase was contacted with 10mL of the organic phase in a separatory funnel and





































mixed by mechanical shaking for 5min (as determined in preliminary tests). The pH
of the aqueous phase was monitored using a pH-meter (Toshniwal model) and was
adjusted by adding NaOH or H2SO4 solutions (analytical grade reagents). The equi-
librium concentration of Cu and Ni in the raffinate was determined by atomic
absorption spectrophotometry while that in the organic phase (extract) was calcu-
lated by mass balance difference. No third phase formation was observed for the
experimental conditions studied.
The following variables were investigated in the extraction tests: concentration
of extractant (5–20%, w=w) and aqueous=organic volumetric phase ratio (0.33–3),
pH of the aqueous phase (0.76–5.55). After deciding the equilibrium pH for the
maximum extraction and separation of Cu and Ni, the pH was maintained by vary-
ing the saponification (preneutralization) of the solvent with NaOH. In the stripping
tests, the organic=aqueous volumetric phase ratio (0.2–5) was investigated by con-
tacting a loaded organic phase (extract) with H2SO4. The concentration of the
extractant was selected in such a way that the difference between the yields of extrac-
tion of each cation, taken separately, is largest (maximum for copper and minimum
for nickel).
RESULTS AND DISCUSSION
Effect of Extractant Concentration on Extraction of Copper From CBS
The effect of initial Cyanex 272 concentration on the extraction of copper from
CBS was studied (Figure 1) in the range of 5–20% (v=v) at O:A ratio of 1 at 30C. It
was observed from these results that the percentage extraction of copper increases
from 15.35 to 89.8% with an increase of extractant concentration, whereas the load-
ing of Cu in the organic phase increases from 6.44 to 37.29 g=L in a single contact.
The log D for Cu and Ni vs. log [Cyanex 272] plot (Figure 1) is linear.
Figure 1 Effect of solvent concentration on extraction of Cu(II) from CBS and plot of log [Cyanex 272] vs.
log D. Aq. Feed: 41.97 g=L Cu and 9.97 g=L Ni(II), Org. Feed: Cyanex 272 in kerosene, O:A—1, t—5min,
T—30C (color figure available online).





































Thus, for Cu extraction
y ¼ 2:517x 2:597y ¼ 1:83x 1:9 with R ¼ 0:9143 ð1Þ
and for Ni extraction
y ¼ 0:211x 1:211 with R ¼ 0:125: ð2Þ
The slope of 2.51 for Cu2þ indicates the association of 2mol of the extractant
with 1mol of the extracted metal species. However, the regression coefficient value
for Ni is only 0.125 indicating a lower extraction of Ni by Cyanex 272.
Effect of Equilibrium Ph on Extraction of Copper From CBS
Since the extractions of copper and nickel were found to be very sensitive to
pH, this parameter was varied in the range of 0.76 to 5.55. The maximum extraction
was observed at an equilibrium pH of 5.48. Maintaining this pH by the addition of
an acid or an alkali while performing the experiments with the unsaponified 20%
Cyanex 272 has several problems such as increase in the volume of aqueous phase;
a slight variation in pH will affect the extraction of copper and nickel, hence 20%
Cyanex 272 was saponified to 60% by adding a stoichiometric amount of NaOH
and the neutralization reaction can be written as
Naþaq þ 1=2 HAð Þ2org! NaAorg þHþaq ð3Þ
Thus, in such a case the solvent exists as monomer when it is in the neutral
form and as dimmers when it is in the acidic form (Ritcey and Ashbrook 1984b)
and both the forms take part in the extraction. Assuming that the extracting species
of Cu(II) and Ni(II) in the organic phase exist as [MA2.3AH]org and in the aqueous
phase as M2þ, the extraction mechanism for M2þ(M is Cu and Ni) extraction by
saponified Cyanex 272 can be written as (Devi, Nathsarma, and Chakravortty 1998)
M2þaq þ A½ orgþ2 HAð Þ2
 
org
$ MA2:3HA½ org þHþaq ð4Þ
























































log of both the sides in Eq. (7) can be written as
logD ¼ logK þ pHþ log½Aorg þ 2 log½ðHAÞ2org: ð8Þ
Where M2þ is the bivalent metal ion which is exchanged and here it is Cu2þ and
Ni2þ.
The slope analysis from Figures 1 and 3 supports this mechanism.
The extraction of copper from aqueous sulfate medium was studied using this
sodium salt of Cyanex 272 within the initial pH range 0.76–5.55 for solvent concen-
trations varying from 10–20%. It was found that the equilibrium pH varied differ-
ently with different concentration of the solvent, thus, for 10% solvent the
equilibrium pH varied from 1.6 to 4.1, for 15% Cyanex 272 it varied from 2.9 to
4.7, and for 20% Cyanex 272 it varied from 2.53 to 5.48. Percentage extraction of
copper increases from 7.6 to 39.4, 13.6 to 58.5, and 13.64 to 98.47% for the solvent
concentration varying from 10, 15, and 20% respectively, whereas percentage extrac-
tion of Ni(II) increases from 0 to 35.21% with an increase in the equilibrium pH of
the aqueous phase with 20% Cyanex 272. However, in cases of 10 and 15% Cyanex
272, Ni extraction is possible only when the equilibrium pH is more than 4 (Figure 2).
Figure 3 shows the plot of log D (distribution coefficient) for Cu and Ni vs. equilib-
rium pH. The plot is linear for both the metal ions with the best fit equation as
y ¼ 0:8538x 2:9666;R2 ¼ 0:9863 for Cu extraction and ð9Þ
y ¼ 0:6132x 3:6841;R2 ¼ 0:949 for Ni extraction: ð10Þ
A slope of 0.8549 for copper and 0.61 for Ni indicates the exchange of one mole
of Hþ with one mole of the extracted metal species. The separation factor (aCuNi ) for
the separation of Cu from Ni using Na-Cyanex 272 also increases with the increasing
extractant concentration from 10 to 20% (v=v) (Table 1). The highest separation
Figure 2 Effect of equilibrium pH on percentage extraction of Cu and Ni from CBS with different
concentration of Cyanex 272. Aq. Feed: 41.97 g=L Cu and 9.97 g=L Ni(II), Org. Feed: x% Cyanex 272
in kerosene, O:A—1, t—5min, T—30C.





































factor of 183.3 for the separation Cu from Ni was achieved with 20% (v=v)
Na-Cyanex 272 at an equilibrium pH of 5.48. One more interesting observation from
the separation factor data is that for 10% Na-Cyanex 272 only Cu is extracted up to
an equilibrium pH of 3.9 with no extraction of Ni at all. At a pH of 4.2, Ni shows
some extraction but the separation factor is 4.9 showing a possibility of separation,
but as the percentage extraction of Cu is very low, hence, this composition of solvent
will not be suitable for Cu and Ni separation. In case of 15% Na-Cyanex 272, sep-
aration factor is infinite up to an equilibrium pH of 3.6 but again the percentage Cu
extraction is only about 25%, and beyond this pH, i.e., up to a pH of 4.74 the sep-
aration factor is about 11.53. In case of 20% Na-Cyanex 272, the separation factor is
infinite up to an equilibrium pH of 3.32. As the pH increases from 3.3 to 5.5 the
separation factor increases from 39.10 to 183.3. It was found that in this case the
Table 1 Effect of equilibrium pH on the separation factor of Cu and Ni at different concentration of 60%
saponified Cyanex 272 (Cu—41.97 g=L, Ni—9.97 g=L, O:A—1, t—5min, T—30C)
60% saponified Cyanex 272
10% 15% 20%
pH eq DCu DNi aCuNi pH eq DCu DNi a
Cu
Ni pH eq DCu DNi a
Cu
Ni
1.62 0.082 0 1 2.94 0.158 0 1 2.53 0.158 0 1
3.19 0.222 0 1 3.41 0.269 0 1 3.03 0.346 0 1
3.64 0.294 0 1 3.64 0.320 0 1 3.2 0.609 0 1
3.88 0.320 0 1 3.7 0.404 0 1 3.32 1.13 0.029 39.1
3.86 0.434 0 1 3.77 0.434 0 1 4 2.3 0.038 32.2
3.92 0.434 0 1 4 0.626 0.056 11.15 4.27 4.08 0.097 46.2
4.1 0.650 0.133 4.89 4.77 1.53 0.186 8.21 4.73 10.0 0.151 61.03
– – – – – – – – 5.48 64.53 0.543 183.3
Figure 3 Plot of equilibrium pH of the aqueous feed vs. Log D. Aq. Feed: 41.97 g=L Cu and 9.97 g=L
Ni(II), Org. Feed: 20% Cyanex 272 in kerosene, O:A—1, t—5min, T—30C (color figure available online).





































percentage extraction of Cu increases from 13.7 to 98.5% with the increase in equi-
librium pH from 2.5 to 5.5. Thus, at an equilibrium pH of 5.5 separation of Cu and
Ni is possible with 60% saponified 20% Cyanex 272. This analysis also clearly shows
the impact of pH variation and its sensitivity on metal separation.
Effect of Phase Contact Time on Extraction of Copper From CBS
The aqueous phase containing 41.97 g=L Cu and 9.97 g=L Ni was shaken with
20% (v=v) Cyanex 272 (60% saponified) for a period ranging from 0.5 to 15min at an
O:A ratio of 1 and initial pH 5.55. Percentage extraction of copper increased from
93.94 to 98.47 with increase of shaking time from 0.5 to 5min. Beyond 5min of shak-
ing, there is no further increase in the extraction of copper into the organic phase in a
single contact. Therefore, in all the other experiments a shaking time of 5min was
maintained to ensure achievement of equilibrium.
Determination of Loading Capacity of Cyanex 272
Saturation loading capacity of 60% saponified 20% (v=v) Cyanex 272 was
achieved by a multiple contact method. The fresh aqueous feed containing
41.97 g=L Cu and 9.97 g=L Ni was contacted with same loaded organic each time
at O=A ratio of 1 at initial aqueous feed pH of 5.55 at 30C. Thus after three con-
tacts, the loaded organic contains 30.80 g=L Cu and 0.024 g=L Ni. It was also seen
that with the repeated contact, the copper from aqueous feed continuously gets
extracted in the organic phase. However, beyond certain concentration of copper
loaded into the organic (approximately 40 g=L), the loaded copper gets precipitated
and remains in the interface of the aqueous-organic phases. Once the precipitation
starts, the copper in the organic decreases to about 30 g=L. Hence, the phase ratio
and the saponification of the organic has to be maintained to such an extent that
maximum loading of copper in the organic will be restricted to about 30 g=L.
Effect of O:A Ratio Variation on Extraction of Copper End Extraction
Isotherm
Extraction of Cu(II) from CBS containing 41.97 g=L Cu and 9.97 g=L Ni was
carried out at different O:A ratios using 60% saponified 20% (v=v) Cyanex 272 at
initial pH 5.55 at 30C for the possibility to extract maximum amount of Cu in single
contact. It was observed from the result (Figure 4) that on increasing the O:A ratio
from 0.33 to 3, the percentage extraction of Cu increases from 46.97 to 100%, how-
ever, at lower O=A ratios of 0.33 and 0.5 the loaded organic becomes turbid and
after few hours a light blue color precipitate settles at the interface. Therefore, to
avoid precipitation the extraction of copper has to be done at higher O=A ratio with
minimum saponification.
To determine the number of stages required at a chosen volume phase ratio, an
extraction isotherm (McCabe-Thiele plot) was plotted between the amount of copper
extracted by the solvent and copper left unextracted in the raffinate at different O=A
ratios. As can be seen from Figure 5 that 100% extraction of copper was possible in
two counter-current stages at an O:A ratio of unity.





































Scrubbing of Ni and Stripping of Cu From Loaded Organic
Sufficient quantity of 60% saponified 20% Cyanex 272 was saturated loaded
with Cu by repeated contact of same loaded organic with fresh aqueous feed each
time. As already discussed that with the repeated contact of the organic and aqueous
phases, the loaded organic turned hazy which was allowed to settle and filtered
through a phase separation paper to obtain a clear and a uniform loaded organic
for further study. Due to precipitation, the metal concentration in the loaded organic
was analyzed to be 30.9 g=L copper and 0.024 g=L Ni. For scrubbing the coextracted
nickel, the loaded organic was contacted with different concentrations of sulfuric
Figure 4 Effect of organic:aqueous phase ratio on the extraction of Cu and Ni from the Aq. Feed:
41.97 g=L Cu and 9.97 g=L Ni(II), Org. Feed: 20% Cyanex 272 in kerosene, t—5min, T—30C.
Figure 5 McCabe-Thiele plot for extraction of copper by 20% Cyanex 272. Aq. Feed: 41.97 g=L Cu and
9.97 g=L Ni(II), Org. Feed: 20% Cyanex 272 in kerosene, t—5min, T—30C.





































acid (5–20 g=L) at O:A ratio of 5. Since the scrubbed solution is usually recycled into
the main stream, the ratio of organic:scrub feed is maintained at 5:1. It was observed
that 15 g=L H2SO4 was suitable for scrubbing of Ni in one stage leaving 4 ppm of Ni
in the organic phase. The mixture was shaken for 2–3min which was found sufficient
for the removal of coextracted nickel from the loaded organic. The scrubbed loaded
organic was used for stripping studies.
Effect of Concentration of H2SO4 on Stripping of Copper From Loaded
Organic
Stripping studies were carried out to strip out all the copper from the loaded
organic to the aqueous phase at varying concentrations of sulfuric acid ranging from
50 to 125 g=L keeping an O=A of 2. As can be seen from Figure 6, the percentage
stripping of copper increases from 87.9 to 100% with an increase in acid concen-
tration and reaches quantitative stripping at 100 g=L (Figure 6). However, stripping
with 75 g=L of H2SO4 was about 95.5%, hence, further stripping studies were per-
formed with 75 g=L H2SO4.
Effect of O:A Ratio Variation on Stripping of Copper From Loaded
Organic and Stripping Isotherm
Stripping of loaded organic (60% saponified 20% Cyanex 272 containing
30.4 g=L Cu and 0.024 g=L Ni) was carried out using 75 g=L sulfuric acid at different
O:A ratios and the plot of O=A vs. % Cu stripped at 30C is plotted (Figure 6). It can
be seen from the result that with increase in O:A ratio from 0.2 to 5, the concen-
tration of stripped copper decreases from 100 to 66.67%.
Figure 6 Effect of H2SO4 concentration andO=A ratio on the stripping of loaded Cu from 20% Cyanex 272.





































A stripping isotherm was obtained by plotting the concentration of Cu in the
organic phase vs. concentration of Cu stripped in the aqueous phase at O=A ratios
varying from 5:1 to 1:5 (Figure 7). This figure shows that about 100% of copper was
stripped in two counter-current stages at O:A ratio of 2:1.
Thus, an overall flow sheet for the separation of Cu and nickel from CBS after
the extraction of acid is given in Figure 8. Acid and metal values can be reclaimed
from the highly acidic solutions such as copper bleed stream.
Figure 7 McCabe-Thiele plot for stripping of copper from the loaded organic by 75% H2SO4.
Figure 8 Flow diagram for the treatment of copper bleed stream by solvent extraction route.






































Cyanex 272 (60% saponified) diluted in kerosene was used as a solvent for the
separation and recovery of copper and nickel from CBS. The concentration of acid
could be brought down from 198 to 40 g=L by an amine extractant. The pH of the
solution was further brought up to 4 by alkali addition, iron was removed as
hydroxide by aeration and the filtrate was used as a feed for Cu and Ni separation.
With the increase in equilibrium pH and the extractant concentration, there is an
increase in the percentage extraction of metal ion. The extracted species for copper
was CuA2.3HA. Loading capacity of 60% saponified 20% (v=v) Cyanex 272 was
determined to be 30.8 g=L Cu and 0.024 g=L Ni. The separation factor of Cu and
Ni also increases from 39.11 to 183.3 with increase of pH from 3.32 to 5.48. Scrub-
bing of Ni(II) from loaded organic was done with 15 g=L sulfuric acid and after
scrubbing only 4 ppm of Ni was left in the organic phase. Cu was then stripped with
75 g=L sulfuric acid. Extraction and stripping isotherms were obtained with 20%
Cyanex 272 (60% saponified). Hundred percent copper extraction was achieved in
two counter-current stages at O:A ratio of unity, whereas 100% stripping of copper
was possible in two counter-current stages at O:A ratio of 2:1. Results of the present
investigation indicate that Cyanex 272 could be used as a commercial extractant for
copper extraction and recovery from copper bleed stream.
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